Conditions were established under which membrane diffusion chambers surgically implanted into mice could be used to study interactions between host defense factors and Candida albicans within the chambers. Depending on the size of membrane pores, soluble host substances and phagocytic cells entered the chambers during the first 24 h after chamber implantation. By 7 days in vivo, the membranes of chambers appeared impermeable to these host factors. Mouse phagocytic cells were found to be functional within the in vivo chambers whether the cells emigrated to the chambers on their own accord or were placed there before chamber implantation. Opsonic factors such as antibody and complement appeared to be biologically functional within the in vivo chambers. Conditions suitable for harvesting C. albicans from the chambers also were determined.
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Diffusion chambers implanted intraperitoneally (i.p.) into mice are a way to evaluate hostparasite interactions while controlling at least some of the variables posed by in vivo studies. However, the presence of such a foreign object in the host animal necessitates careful evaluation to determine limitations of this model.
Diffusion chambers implanted into experimental animals have been used in the past to study tumor cell growth (2) and host immunity to tumors (3) . More recently, chambers have been used to culture mouse (4, 5, 22) and human (9, 11) hematopoietic cells, to examine regulation (20) and kinetics (16) of antibody synthesis by lymphoid cells, and to determine the effects of anti-cancer drugs on human tumors (14) . Chambers have also been implanted in vivo to study interactions of host defenses with bacterial agents (17) .
In future studies we would like to use chambers implanted into mice to examine the effect of soluble host and cellular defenses on survival of Candida albicans within the chambers. In these studies we (6) .
Immunization of mice to Streptococcus pneunwniu& S. pneumoniae type III (Montana State University culture collection; type confirmed by using commercial antisera from Difco Laboratories, Detroit, Mich.) was grown in brain heart infusion broth supplemented with 15% fetal calf serum and incubated at 37°C for 12 h. The bacteria were harvested by centrifugation at 10,000 x g for 30 min at 50C, washed in PBS, suspended in distilled water, and lyophilized.
The lyophfilized cells were suspended in PBS (100 itg [dry wt] of cells per ml of PBS), and 0.1 ml was injected i.p. into BALB/c mice on days 1 and 7. Control mice received 0.1 ml of PBS i.p. on similar days. The effectiveness of immunization was determined by performing Neufeld (Quellung) tests (8) on sera collected from immunized and unimmunized control animals and by comparing number of deaths of control and immunized mice challenged with viable S. pneumoniae cells.
Use of mice immunized to S pneunmoniae. The following experiment was designed to determine whether soluble host factors, such as opsonic antibody, would penetrate the diffusion chambers and whether phagocytic cells could function within the chambers. Chambers (0.45 p) were filled by adding to each either 0.15 ml of a suspension of S. pneumoniae cells (6.7 x 106/ml of PBS) or 0.15 ml of the S. pneumoniae suspension plus 107 neutrophil-rich PEC. Mice immunized against S. pneumoniae were divided into two groups, and each mouse was implanted with a chamber containing only S. pneumoniae or S. pneumoniae and neutrophils. Unimmunizd control mice were similarly divided into two groups for appropriate implantation of chambers. The chambers were removed 24 h after implanting, and the number of colony-forming units of S. pneumoniae in each chamber was determined by homogenizing the membrane filters and chamber contents for 30 a in 5 ml of sterile saline, plating the homogenates onto brain heart infusion blood agar, and incubating the plates in a candle jar at 37°C for 12 In other experiments, 51Cr-labeled neutrophils or free 51Cr in PBS were injected intravenously into mice which had been implanted with 3-p chambers 6 h, 24 h, or 7 days previously. At 6 h after injection, the chamber contents were assayed for cell-associated and free 51Cr. Labeled neutrophils and free label entered chambers which had been implanted 6 and 24 h before the injection of the radioisotope, but very little label entered chambers which had been implanted 7 days earlier (Fig. 1) Effect of homogenization of viability of C. albican& Homogenization of filters and chamber contents along with C. albicans did not appear to adversely affect recovery of the fungus (Table 3) . Gentle procedures such as blending in a Vortex mixer or mild homogenization yielded counts of C. albicans cells similar to those found when more vigorous homogenization was used.
Whereas yeast-phase C. albicans was primarfly assayed in the experiment comparing a 5-s homogenization with a 30-to 40-s procedure, approximately 40% of the fungal cells were hyphal elements in the chambers in which Vortex mixing was compared with homogenizing. This latter experiment was also done by using a smaller inoculum (5 x 104) of C. albicans cells, and recovery of organisms was the same with either of the harvesting procedures (data not shown). 
DISCUSSION
The use of diffusion chambers in mice to assess the effects of soluble host factors and phagocytic cells on C. albicans within the chambers necessitates knowing that while the chambers are in the experimental animal: (i) host factors will traverse membranes of appropriate pore size; and (ii) once inside the chambers, the host factors will be biologically functional. We have established conditions under which these chambers may be used.
Emigration of soluble host and cellular components into chambers occurred after i.p. implantation of chambers. This was apparent by harvesting chambers at various times and directly counting the number of peritoneal cells which traversed chamber membranes with 3.0-,um pores. The predominant cell type was found to be of neutrophil morphology, and such cells were found in chambers kept in mice for as long as 7 days. By injecting radiolabeled mouse peritoneal exudate cells into syngeneic recipients we determined that neutrophils migrated into chambers kept in the animals for at least 24 h. However, chambers kept in mice for 7 days were impermeable to cells. Similar experiments in which an unbound isotope was injected intravenously indicated that soluble factors would also traverse chamber membranes for up to 24 h, but were excluded from chambers kept in mice for 7 days. Although definitive evidence is lacking, we attribute impermeability of membranes at 7 days to extensive fibrin formation and adhesions noted at that time (our unpublished observations). The accumulation of host cells within 3-p chambers appeared to be dependent upon active motility of cells because neutrophils were the predominant cell type VOL. 31, 1981 on January 25, 2018 by guest http://iai.asm.org/ found in the chambers. The attraction of neutrophils to the chambers was possibly due to a number of factors, such as: activation of complement-dependent chemotactic factors by cell waDs of C. albicans within the chambers (19) , generation of complement-independent neutrophil chemotactic factor by C. albicans (7) , and host inflammatory responses to the presence of the chamber. Because the attraction of neutrophils to chambers containing only PBS as well as to chambers containing C. albicans occurred, the latter possibility seems sufficient to account for the neutrophil responses.
Once in the chambers, host cells and opsonins appeared to be functional. C. albicans removed from chambers after 24 h in mice were opsonized, as evidenced by the ability of macrophages and neutrophils to ingest the fungi in vitro without additional serum factors (Table 1) . Because, in the absence of specific antibody, efficient in vitro ingestion of C. albicans by phagocytic cells seems to be dependent upon activation of complement factor C3 (21), these data indicate that components required for activation of the altemative complement cascade diffused into and were functional in the chambers. Evidence was also obtained which indicated that phagocytic cells are functional when in the chambers. When neutrophil-rich PEC were placed into 0.45-p chambers, these peritoneal cells were found to suppress growth of encapsulated S. pneumoniae only when chambers were implanted into mice with circulating antibody to the capsular material (Table 2) . Neutrophils which migrated into 3-p chambers were found by direct microscopic examination of chamber content to have ingested C. albicans yeast and hyphal elements (unpublished observations) . These data imply that not only can antibody get into the chambers and function opsonically but also that phagocytic cells are actively phagocytic in such an environment.
Finally, because our interest is in studying the effect of host factors on viability of C. albicans we determined whether our harvesting procedures adversely affect viability of C. albicans. Homogenization of filters and chamber contents was chosen as a means to recover the fungus from chambers because it produced uniform suspensions with little evidence of clumping of fungal cells (unpublished observations). Such homogenization of chamber membranes and contents does not appear to decrease viability of either yeast-or mycelial-phase cells.
Although implanting a diffusion chamber i.p.
is an artificial situation it represents a way of studying host-parasite relations closer to actual in vivo situations than when in vitro techniques are used. Our data show that when chambers are processed within 24 h after implantation, soluble host and cellular components should be functional within the chambers during that timne period. We are currently applying this model under the appropriate conditions determined above to study interactions between murine defense mechanisms and C. albicans.
